The annual reproductive cycles of all male bats that hibernate examined to date, both Nearctic and Palaearctic species, are characterized by an asynchronous, seasonal reactivation of the primary and secondary sexual organs. This asynchrony thus results in a marked temporal separation of certain reproductive functions and activities in these animals. In summary, primary reproductive function (spermatogenesis) occurs only during the summer or into the early fall. In contrast, secondary reproductive function and activity (maximally stimulated accessory organs, stored epididymal spermatozoa, libido and sexual congress) occur later during a mating period that for most species is interrupted, and therefore extended, by hibernation (see Table 1 ). This dissociation of reproductive functions and activities has been shown for the species indicated in Table 2 . In addition, this dissociation can be inferred from studies of other bats for which more complete data are lacking: Eptesicus fuscus fuscus, western U.S.A. (Phillips, 1966) ; Myotis austroriparius (Rice, 1957) ; M. daubentoni (Herlant, 1967) ; M. keenii septentrionalis (Gustafson, 1975a) ; M. I. leibii (Gustafson, 1975a) ; M. mystacinus (Herlant, 1967) ; Pipistrellus abramus (Nakano, 1928) ; P. subflavus (Gustafson, 1975a) ; Plecotus auritus (Courrier, 1927; Stebbings, 1966) ; P. austriacus (Stebbings, 1966) ; Rhinolophus ferrumequinum korai (Oh, 1977) ; Vespertilio superans (Oh, 1977) .
Undoubtedly, the seasonal 'peculiarities' of male reproductive periodicity in bats that hibernate are largely the result of physiological adaptations to a prolonged interval of hibernation (see Wimsatt, 1960 Wimsatt, , 1969 Krutzsch, 1979) .
Patterns of male cycles
Male reproductive periodicity in hibernating Chiroptera can be divided into two general patterns based on the timing and duration of the principal events of the annual reproductive cycles in relation to hibernation (see Courrier, 1927; Wimsatt, 1960 Wimsatt, , 1969 . Furthermore, each of these patterns corresponds respectively to one of two reproductive patterns shown by conspecific females (see Oxberry, 1979) . The male patterns are identified by types in Table 1 and by species  in Table 2 . In the Type I pattern, the male reproductive cycles are interrupted annually by Krutzsch (1975) Pipistrellus pipistrellus Courrier (1923a Courrier ( , b, 1926b Courrier ( , 1927 ; Racey & Tarn (1974) Rhinolophusferrumequinum Courrier (1927) ; Vignoli (1930) Rhinolophus hipposideros Courrier (1923b Courrier ( , 1927 ; Gaisler & Titlbach (1964) ; Gaisler (1966) Ib Eptesicusfuscusfuscus Christian (1956) (eastern U.S.A.) Myotis blythi oxygnathus Koceva (1970) Myotis capaccinii Courrier (1927) Myotis grisescens Miller (1939) Myotis I. lucifugus Miller (1939) ; Gustafson (1975a Gustafson ( , 1976 ) Myotis myotis Courrier (1923b Courrier ( , 1927 (1923b, 1927) * Based on the dental formula of this species, it has recently been suggested that the genus Miniopterus be placed in a separate family, the Miniopteridae (Mein & Tupinier, 1977) . In this summary, miniopterines are still treated as vespertilionids.
hibernation so that secondary sexual activities extend into and throughout the period of dormancy; this pattern corresponds to the female pattern of delayed ovulation (see Table 1 ). In the Type II pattern, whose only known representative to date is Miniopterus, the male reproductive cycle does not overlap the period of dormancy because secondary sexual activities are completed before hibernation; this pattern corresponds to the female pattern of delayed implantation (see Table 1 ). (Dwyer, 1963a, b; Richardson, 1977 Pearson, Koford & Pearson, 1952) . In addition, Sertoli cells undergo concomitant hypertrophie changes (see Racey, 1974) , a factor which contributes further to the expansion of the tubules. Soon thereafter, primary spermatocytes appear. The remainder of the summer or early fall is characterized primarily by the processes of meiosis (see PL 1, Fig. 1 Fig. 3 ) throughout the periods of mating and/or hibernation. Storage of spermatozoa, however, occurs in the reproductive tracts of bats with the Type I pattern during the prolonged mating period (see Racey, 1979 (Racey, 1974) and Pipistrellus pipistrellus (Racey & Tam, 1974) . Further, after 2 weeks of keeping bats at elevated temperatures during the second half of hibernation, 5-3 ß-hydroxysteroid dehydrogenase can be histochemically demonstrated in the Sertoli cells although this steroid interconverting enzyme is absent from seminiferous tubules of normally hibernating bats (Gustafson, 1976) natural conditions during the second half of hibernation and these divisions increase in frequency as the period of spring arousal approaches (see Miller, 1939; Pearson et al, 1952; Gustafson, 1975a) . Other evidence will be presented below.
In addition to routine histological examinations of the testis or measurements of seminiferous tubule diameters, testicular dimensions (Pearson et al, 1952; Kunz, 1973; Krutzsch, 1975) and testicular weight (Gaisler & Titlbach, 1964; Racey, 1974; Racey & Tarn, 1974; Gustafson, 1975a) have been used as criteria for assessing annual changes in tubular activity of hibernating bats. Histological examination has repeatedly shown that maximal spermatogenic activity is associated with both maximal tubular diameter and maximal testicular weight (Racey, 1974; Racey & Tarn, 1974; Gustafson, 1975a Histology. Courrier (1923a Courrier ( , b, 1927 in a series of studies of the annual cycles in male hibernating bats was impressed by the fact that actively spermatogenic testes and inactive accessory organs could be observed simultaneously at one time of the year, whereas at another time the inverse could apparently be found. In examining the "diastematic" or "interstitial" gland (Leydig cells), he interpreted its histological cycle as having a functional phase that generally corresponded to that of the accessory organ cycle. He also suggested that the increased size of the Leydig cells observed in late summer and maintained during hibernation, more in some species but considerably less in others, was supportive of this interpretation. Courrier thus referred to a "spermato-diastematic dissociation" in describing the annual pattern of the spermatogenic and Leydig cell cycles. A marked departure from this 'Pipistrellus pattern' of Leydig cell activity was reported when the cycles of males of some North American species were first examined (Miller, 1939; Pearson et al, 1952; Krutzsch, 1961) . In these studies, the observed changes in Leydig cell histology suggested that functional activity occurred during the summer or early fall in parallel with the period of spermatogenic activity ('Myotis pattern'). Histological observations of smaller cells during the rest of the year (compare PL 1, Fig. 1 and PL 2, Fig. 3 ) also suggested that Leydig cells were involuted during mating and hibernation when the accessory organs were fully developed. In order to reconcile this apparent discrepancy, it has been suggested by several authors that the smaller cell may, in fact, be more active. The apparent exaggerated asynchrony of the spermatogenic and endocrine functions of the testis that occurs in certain bats ('Pipistrellus pattern') and, likewise, the apparent functional cycle of Leydig cells that does not coincide completely with the period of secondary sexual activity that occurs in others ('Myotis pattern') have been previously reviewed by Wimsatt (1960 Wimsatt ( , 1969 .
Histological examination by conventional methods has generally been the only assessment of annual variations in Leydig cells for the majority of bats studied (see Table 2 Christensen & Gillim, 1969; Christensen, 1975; Neaves, 1975 Neaves, , 1977 (Vignoli, 1930; Maeir, 1965; Racey & Tarn, 1974; Gustafson, 1975a Gustafson, , b, 1976 Saidapur, 1976 (Gustafson, 1975a (Gustafson, , b, 1976 (Gustafson, 1975a (Gustafson, , 1976 Johnson, 1970 ). This cycle is also consistent with current cytophysiological concepts of Leydig cell function. Since the testis generally has a limited ability for the uptake of plasma cholesterol as compared to other steroid-secreting structures (see Eik-Nes, 1975) , it has been suggested from studies in other mammals that the abundance of SER in Leydig cells reflects the degree to which cholesterol is synthesized within these cells (Christensen & Gillim, 1969) . Furthermore, following the synthesis of this sterol, it is rapidly esterified and accumulated in lipid droplets within the cytoplasm where these droplets then presumably serve as a pool of precursors for androgen synthesis (Christensen, 1975 (Racey, 1974; Racey & Tarn, 1974; Gustafson, 1976; Gustafson & Shemesh, 1976 (Racey, 1974 (Gustafson, 1976; Gustafson & Shemesh, 1976) . Determinations of circulating androgen were made throughout the year from serially collected bats under natural conditions. Circulating testosterone levels were highest during the summer spermatogenic period and lowest during the hibernation period (see Text-fig. 1 ). Peak levels, occurring in August, corresponded to the hypertrophy of the accessory organs and a decrease in spermatogenic activity. Although the levels during hibernation are low for this species, they are similar to those observed in the majority of continuously reproductive mammalian species (Gustafson & Shemesh, 1976) . Taken alone, these data suggest that Leydig cell activity in Myotis I lucifugus is greatest during the spermatogenic period and least during the hibernation period. However, the fine structural data for this species and the observation of Racey & Tarn (1974) Krutzsch & Wells, 1960) could account for the androgen levels at this time of general metabolic depression.
An interesting result from all of the above studies is the extremely high seasonal levels of circulating testosterone for hibernating bats. These levels are the highest known values for any mammalian species (Gustafson & Shemesh, 1976 (Racey & Tarn, 1974) and when obvious steroidogenic machinery is lacking (Gustafson, 1975a) , awaits further investigation.
Accessory organs
As noted earlier, maximal development of the accessory reproductive organs in bats that hibernate is achieved after spermatogenesis has terminated (see Table 1 and Text- fig. 1 ). Except for M. schreibersii (Type II pattern), this apparatus is maintained in secretory distention during the mating and hibernation periods (up to 9 months), suffering regressive collapse only after the bats' general arousal from hibernation in the spring (see Text-fig. 1 ). Considering the obligatory nature of androgen dependency for both spermatogenesis and the stimulation and maintenance of the accessory organs, these seasonal relationships suggest certain functional inconsistencies.
Most studies of the assessment of annual changes in the accessory apparatus have been limited to gross morphological variations or descriptive histology. Although such analyses are logical first steps, the key to resolution of the apparent discrepancy of separate Leydig cell and accessory organ cycles would certainly seem to reside at the level of the secretory epithelia. In Myotis I. lucifugus, changes in the height of secretory epithelia vary in direct relation to plasma testosterone levels, with maximum height (hormonal stimulation) occurring in mid-August when peak plasma testosterone levels are measured and Leydig cells are still active (Gustafson, 1977) , although maximum size of the accessory organs is observed in September when the Leydig cells have involuted. This lag between maximum epithelial size and full organ development is probably due to a gradual accumulation of stored luminal secretions as the synthetic efforts of the secretory epithelia are not utilized until mating begins, usually September for Myotis I. lucifugus. The reduction of epithelial cell size seen during the mating season and hibernation is probably due to lowered testosterone levels as well as glandular distension (Gustafson, 1977) . Likewise, the decrease in overall size of the accessory organs after September (see Text- fig. 1 ) is probably due to utilization of secretory reserves during various mating efforts. In M. I. lucifugus, at least, there is therefore no asynchrony between Leydig cell function and maximum stimulation of the secretory epithelia.
Neuroendocrine aspects of male cycles
In studies on male reproductive periodicity in hibernating bats, almost no attention has been directed to changes in the hypothalamo-hypophysial portions of the brain-pituitary-gonad axis. Siegel (1965) reported that degranulation of basophils in the adenohypophysis of Myotis I. lucifugus occurs when males are aroused from hibernation. However, gonadotrophs were not examined at other times throughout the year. Herlant (1967) (Racey, 1974; Racey & Tarn, 1974) . However, the possibility that brown fat may serve as an 'androgen pool' during hibernation, as suggested from the study on Myotis I. lucifugus by Krutzsch & Wells (1960) , has not been ruled out for any 'Myotis pattern' species. General body fat is abundantly accumulated before hibernation at about the time when elevated plasma testosterone levels occur and is then utilized slowly during hibernation, but any contribution that it might make to androgen storage and release during its mobilization requires examination. Wimsatt (1960) Wimsatt, 1969 
